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Tetrathiafulvalene (TTF) derivatives have been extensively 
studied due to their usefulness as organic polymeric conducting 
and photo-switchable materials for applications such as 
transistors and solar cells.
1
 We have previously prepared the 
tetrathienyl substituted systems 1a,b and have studied their 
electrochemical properties and applications.
2
 We were next 
interested in the preparation of the planar conjugated systems A 
(fig. 1) and we envisaged that these might be accessed via the 
known TTF derivatives 1a and 1b.  
    
 
   Figure 1 – Possible Synthetic Targets  
 
Based on our previous work on the photooxidative cyclisation of 
thienyl substituted systems which afforded aromatic 
polycondensed heterocycles,
3
 we considered the possibility of 
employing iodine as a photo-oxidant.  Initial experiments on both 
1a and 1b using this reagent were unsuccessful, as even in the 
absence of irradiation, the reaction of iodine with either 
compound led to the formation of insoluble tar material. 
Consequently we studied the irradiation of 1a and 1b in an 
oxygen saturated solution. However,  under these conditions it 
was found that a completely different reaction pathway was 
observed and the thienyl substituted 1,2,5,8-tetrathiecine-6,7-
diones 2a and 2b (scheme 1) were formed in near quantitative 
yields.
4
 The structure of compound 2b was confirmed by X-ray 
analysis (fig. 2).  
 
 
 
Scheme 1- Photochemical synthesis and reactivity of 1,2,5,8-
tetrathiecine-6,7-diones 
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Figure 2- Crystal structure of the asymmetric unit of compound 2b 
Ellipsoids enclose 30% probability.5 C6D6 crystallization molecule 
was removed for clarity. 
 
Confirmation of the structure of compound 2a, which did not 
give suitable crystals for X-ray analysis, was obtained by 
comparison of IR, 
1
H- and 
13
C data with that for 2b, which 
supported the assignment. Further to this, reductive ring 
opening/methylation of the heteromacrocyclic system gave the 
corresponding dithioethenes 3a,b, whose structures were 
confirmed by X-ray analysis (fig. 3 and 4).  
 
 
Figure 3- Crystal structure of compound 3a. Ellipsoids enclose 50% 
probability.6 
 
Figure 4- Crystal structure of compound 3b. Ellipsoids enclose 50% 
probability.7 
 
It was also determined that compounds 2a,b are also stable to 
further irradiation at 570 nm, however at shorter wavelengths 
(360 nm) both decompose to give tetrathienyl-1,4-dithiine 4
8b
 and 
1,2-dithiine 5
8a
, respectively (scheme 2).We previously reported8a-
c the same behavior during the photorearrangement of the 
corresponding thienyl-1,3-dithiolones 6a,b, where the formation of a 
dithioketone intermediate explains this outcome in both cases 
(scheme 2).8d 
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Scheme 2 – Photofragmentation of 1,2,5,8-tetrathiecine-6,7-diones 
 
A mechanistic rationale for the formation of 2a,b is that  
photochemically excited 1a,b both act as sensitizers of singlet 
oxygen, which undergoes cycloaddition to the double bond of 1a,b 
to give the unstable dioxetanes 7a,b. These intermediates then 
undergo rearrangement to the tetrathiecines 2a,b which represents a 
previously unreported heterocyclic system. (Scheme 3)  
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Scheme 3 – Mechanism for the formation of compounds 2a,b 
 
An analogous singlet oxygen cycloaddition-rearrangement sequence 
was previously reported for some tetrathioethenes however in this 
case, the presence of an independent sensitizer was required,9 
whereas 1a,b undergo self-sensitized photooxidation. 
 
To confirm this role of tetrathiafulvalenes, we observed that during 
the irradiation of an oxygen saturated solution of 1a,b in the 
presence of an excess of the singlet oxygen trapping agent N,N-
dimethyl-2-propenamine,  the formation of compounds 2a,b was not 
observed. The only products observed were those arising from 
reaction of the enamine with singlet oxygen (propanone and 
dimethylformamide) as evidenced by GC-MS analysis. Similarly an 
experiment with an oxygen saturated solution of 1a,b in the presence 
of methylene blue (a singlet oxygen sensitizer), with irradiation at 
670 nm, which is a photochemically inert region for the 
tetrathiafulvalenes, gave compounds 2a,b in quantitative yield 
(scheme 4). 
 
1a,bMe2CO   +   HCONMe2 2a,b
iii
 
 
i) 570 nm, O2, benzene,  N,N-dimethyl-2-propenamine 
ii) 670 nm, O2, chloroform, methylene blue 
 
Scheme 4 – Singlet oxygen trapping and sensitization experiments 
  
In summary, the first synthesis of a 1,2,5,8-tetrathiecine-6,7-dione, a 
new macroheterocylic structure, is reported from tetrathiafulvalenes 
and singlet oxygen. In addition, the observation that 
tetrathiafulvalenes act as singlet oxygen sensitizers and substrates 
might be of importance, especially as these compounds are used in 
photoswitchable devices and solar cells. 
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